A B S T R A C T THE FUNCTIONAL MOVEMENT SCREEN (FMS) IS A PRE-PARTICIPATION SCREENING TOOL COMPRISING 7 INDIVIDUAL TESTS FOR WHICH BOTH INDIVIDUAL SCORES AND AN OVERALL SCORE ARE GIVEN. THE FMS DIS-PLAYS BOTH INTERRATER AND INTRARATER RELIABILITY BUT HAS BEEN CHALLENGED ON THE BASIS OF A LACK OF VALIDITY IN SEVERAL RESPECTS. THE FMS SEEMS TO HAVE SOME DEGREE OF PREDICTIVE ABILITY FOR IDEN-TIFYING ATHLETES WHO ARE AT AN INCREASED RISK OF INJURY. HOWEVER, A POOR SCORE ON THE FMS DOES NOT PRECLUDE ATHLETES FROM COMPETING AT THE HIGHEST LEVEL NOR DOES IT DIFFERENTIATE BETWEEN ATH-LETES OF DIFFERING ABILITIES.
T he functional movement screen (FMS) is a pre-participation screening tool comprising 7 individual tests for which both individual scores and an overall score are given (11) . The 7 tests are rated from 0 to 3 by an examiner and include the deep squat, hurdle step, in-line lunge, shoulder mobility, active straight leg raise, trunk stability push-up, and rotary stability (11, 12) . The score of 0 is given if pain occurs during a test, the score of 1 is given if the subject is not able to perform the movement, the score of 2 is given if the subject is able to complete the movement but compensates in some way, and the score of 3 is given if the subject performs the movement correctly (11) .
It has been suggested that a less-thanperfect score on a single individual test of the FMS reveals a "compensatory movement pattern." Such compensatory movement patterns have been proposed to lead to athletes "sacrificing efficient movements for inefficient ones" (11) , which implies the replacement of either a more economical or more effective pattern with a less economical or less effective one. It has also been proposed that such compensatory movement patterns predispose an athlete to injury and reduced performance and may be corrected by performing specific exercises. As a designer of the FMS states: "an athlete who is unable to perform a movement correctly . has uncovered a significant piece of information that may be the key to reducing the risk of chronic injuries, improving overall sport performance, and developing a training or rehabilitation program ." (9) . This seems to imply that the FMS is put forward as a valid test for identifying certain movement patterns that lead to greater injury risk and reduced athletic performance. In the course of our review, we did not identify a formal definition of the concept "compensatory movement pattern." We suggest that it can be defined as a kinematic feature or sequence of features observed during the performance of a movement that deviate from a template that is thought to represent the least injurious way of performing the movement.
In the FMS, the individual scores for each movement are combined into a final score out of 21 total possible points. It has been suggested that lower overall scores predict individuals who are at a greater risk of injury than those with higher scores (11) . In practice, researchers have generally identified 14 points as the ideal cut-off point for those at greater or less risk of injury (5, 8, 36, 38, 41, 43) . The cut-off value of 14 points was in certain studies identified by means of a statistical method known as a receiver-operator characteristic (ROC) curve (5, 38, 43) . This technique allows researchers to identify the numerical score that maximizes the correct prediction of injury classification (66) . However, in other cases (8, 36) , the researchers simply adopted the cut-off value of 14 points based on the findings of previous studies. Although this may not maximize the predictability of the cut-off point in those individual studies that elected not to use a ROC curve, it does have the advantage of enhancing comparability between trials. Studies investigating the norms for FMS overall scores have identified that the normal FMS score in healthy but untrained populations ranges from 14.14 6 2.85 points (51) to 15.7 6 1.9 points (53). This suggests that most untrained people are slightly above the cut-off score of #14 points, which is thought to be indicative of prevalent compensation patterns and which is also believed to be predictive of increased risk of injury and reduced performance.
The FMS was designed in 1997 by Cook et al. (10) . It seems that most if not all of the individual tests within the FMS were selected based mainly on the clinical experiences of the designers, which included orthopedic assessments of athletes with injuries (9) . The FMS was first presented commercially as a manual for screening athletes and the product line was later expanded to include a range of equipment for performing the screen, certifications for those screening athletes, seminars, books, and videos. The commercial marketing of the screen, along with a lack of research to support the tests that are included within it, has led to some controversy regarding its effectiveness. In recent years, many studies have been published exploring various aspects of the FMS, including its validity, reliability, its ability to predict the likelihood of injury and suboptimal performance, and the factors that are correlated with overall FMS score. It is the purpose of this review to provide a summary of the current literature. The review has been based on a literature search conducted on December 5, 2013, in the following databases: PubMed, Google Scholar, and Scopus, and using the key terms "functional movement screen" and "FMS." The references were screened by both reviewers based on the titles and abstracts, and further studies were retrieved from the studies cited within the full articles accessed in the initial search. Any peer-reviewed study involving the FMS was incorporated into the review.
RELIABILITY OF THE FUNCTIONAL MOVEMENT SCREEN
For a test to be usable, it needs to be reliable. Reliability describes whether a test can be repeated either by the same person at a slightly different time (intrarater) or by different people at the same time (interrater) and produce the same result (34) . At least 11 peer-reviewed studies have assessed either the interrater or intrarater reliability of the sum FMS score (6, 17, 21, 28, 42, 45, 48, 53, 55, 57, 59 ) as shown in Table 1 . All of these 11 studies reported on the interrater reliability of the sum FMS score while only 7 reported on intrarater reliability of the sum FMS score (21, 28, 45, 48, 55, 57, 59) . Of the 11 studies investigating interrater reliability of the sum FMS score, only 1 study reported that reliability was less than moderate (55) . The 11 studies investigated reliability using 3 different statistical methods. Most commonly, the intraclass correlation coefficient was used (63) , although Kappa (60) was used twice and the Krippendorff alpha (K alpha) (31) was used once. It is noteworthy that the one study reporting less than moderate reliability (55) used a different statistical method of analyzing correlation (29) and also used raters with quite diverse backgrounds. Different statistical methods might be expected to produce different outcomes (either better or worse) while the use of raters with diverse backgrounds might reasonably be expected to lead to substantially worse reliability. Of the 7 studies reporting on intrarater reliability, 6 studies reported at least moderate reliability (21, 45, 48, 55, 57, 59 ) while 1 study found that student raters (but not more experienced raters) demonstrated poor reliability (28) . The FMS seems to display an acceptable degree of reliability for a field test in most populations and with most types of raters.
VALIDITY OF THE FUNCTIONAL MOVEMENT SCREEN
In addition to reliability, for a test to be useful, it also needs to be valid. Validity describes whether a test actually measures what it is intended to measure (35) . Validity is often discussed under various headings, including construct validity, face validity, content validity, and criterion-referenced validity (30) . Construct validity is the more exact term for overall validity or the ability of the test to reflect the underlying theoretical basis upon which outcomes of the test are interpreted (30) . Face validity, content validity, and criterionreferenced validity are all subordinate elements of construct validity and provide evidence for it (30) . Face validity is a measure of the degree to which a test is perceived by either the subject or casual observers to measure what it sets out to measure (30) . Face validity is unusual in that it can be beneficial or harmful to a test. Where maximal performance is required, a high degree of face validity can be beneficial, as it helps to ensure that athletes exert themselves to the greatest extent. However, where a test is performed on a movement under controlled conditions in an attempt to gain an insight by proxy into the same or similar movements that is performed under noncontrolled conditions (as in the FMS), a high degree of face validity is harmful. In this instance, a high degree of face validity means that the subjects can manipulate their performances and alter the outcome of the test. Content validity is defined as the extent to which a test contains all the necessary elements to achieve its stated goals, as assessed by expert opinion (30) . Criterion-referenced validity is the extent to which outcomes of the test are correlated with other measures of the same underlying quality and is often subdivided into 4 further subtypes of validity: concurrent, convergent, predictive, and discriminant. Concurrent criterion-referenced validity describes the extent to which a test is correlated with other similar tests (30) . Convergent criterion-referenced validity describes the extent to which a test is correlated with other gold standard tests (30) . Predictive criterion-referenced validity describes the extent to which a test is able to predict future events that are associated with the outcome measure (30) . For example, a test involving a countermovement jump would be expected to be acceptably predictive of sprint running ability (33) . Discriminant criterion-referenced validity describes the extent to which a test is not correlated with other dissimilar tests (30) . For example, a test with good criterion-referenced discriminant validity for countermovement jump height would not be well correlated with a flexibility test, as the 2 tests are measuring inherently different underlying constructs (lower-body power and flexibility). It is remarkable that, despite the great interest in the FMS and significant uptake by the strength and conditioning community of the test, very little research has been performed into the construct validity of Strength and Conditioning Journal | www.nsca-scj.com the FMS, either directly or by assessing one of the subordinate types of construct validity (face validity, content validity, and criterion-referenced validity).
To assess the overall construct validity of the FMS, a very clear definition of the object of measurement is needed. In the case of many screening tools, the object of measurement is very clearly stated. In a comprehensive review, Dallinga et al. (14) detailed a number of screens that are predictive of lower-body injury. One screen that the reviewers concluded was capable of identifying lower-body injury is the Beighton's test, which assesses the extent of generalized joint laxity by measuring average joint hypermobility over several different joints (14) . In contrast, the object of measurement of the FMS seems less easy to define. The designers of the test have stated that the purpose of the FMS is to "determine whether the athlete has the essential movements needed to participate in sports activities with a decreased risk of injury" (11) and that athletes who score poorly on an individual test are "utilizing compensatory movement patterns during their activities" (11) . It therefore seems that the object of measurement of the FMS is intended to be compensatory movement patterns as they are performed during sporting activities. Indeed, the designers of the test state that the FMS movements "tie all sports together because they are fundamental and representative of human movement" (9) . This also suggests that the movement patterns tested in the FMS are similar to or the same as those in sporting movements. Researchers investigating the FMS have made the same assumption. For example, Chorba et al. (8) state that the "the tool was designed to challenge the interactions of kinetic chain mobility and stability necessary for performance of fundamental, functional movement patterns. Such movements require controlled neuromuscular execution in a variety of occupational and athletic tasks." This is a key assumption for assessing construct validity; if the FMS is found to identify compensatory movement patterns in movements that are dissimilar from those performed in sport, then it is unclear how identifying such compensatory movement patterns can validly relate to the prediction of injury or performance during sporting activities. After all, sporting activity movement patterns are the real subject of interest, being the environment in which athletes are injured and in which athletes perform.
The FMS has been found to display poor construct validity when assessed directly rather than by one of the subtypes of construct validity (face validity, content validity, and criterionreferenced validity). Frost et al. (24) reported that similar exercises to those used in the FMS tests displayed different movement characteristics when performed faster or under greater load. For this study, Frost et al. (24) recruited 52 professional male firefighters and asked them to perform 5 low-load and low-movement speed, whole-body movements. The subjects were then asked to perform the same movements but modified in 3 ways: with increased movement speed, with increased external load, and with increased movement speed combined with increased external load. The 5 tasks were as follows: (a) a lift from the ground to waist height, (b) a bodyweight squat to selfselected depth, (c) a lunge, (d) a cable press with the right arm while the left leg was forward, and (e) a cable pull with the right arm while the left leg was forward. Increasing both load and speed led to changes in variables in Table 1 Interrater and intrarater reliability of the functional movement screen (6, 17 Many studies have explored the predictive criterion-referenced validity of the FMS by investigating its ability to predict injury risk. The detailed results of these trials are set out in the following section. However, it is important to note that although there is some evidence that the FMS has a degree of predictive capability, it has very poor sensitivity scores. Studies that have measured the sensitivity of the FMS using a cut-off of 14 points have reported that sensitivity ranges widely from 16 to 84% (median 54%), meaning that the FMS is able to detect correctly around 54% of people who are likely to become injured. This low median sensitivity is problematic for the overall predictive criterionreferenced validity of the FMS as it indicates that it is only marginally better than a coin toss for identifying individuals who are genuinely at risk of injury.
CAPABILITY OF THE FUNCTIONAL MOVEMENT SCREEN TO PREDICT INJURY RISK
One of the original principles of the FMS is that it measures the prevalence of compensation patterns that are thought to be injurious (9) . At least 8 peer-reviewed studies have assessed whether the overall FMS score can predict the incidence of injury (5, (66) . Not all studies that performed this statistical method found that the cut-off value of 14 points maximized the correct prediction of injury classification (54) . In some studies (8, 36) , the researchers simply adopted the cut-off value of 14 points based on the findings of previous studies. Although this may not maximize the predictability of the cut-off point in those individual studies that elected not to use a ROC curve, it does have the advantage of enhancing comparability between trials.
Each study exploring the capability of the FMS to predict injury risk provided either odds ratios or relative risks or both. Odds ratios provide a measure of the probability of an event occurring relative to the probability that it does not occur (2). Relative risk is the multiple of the risk of an outcome occurring in one group as a result of an exposure compared with the risk of the same outcome in another group (65) . By dividing the subjects into the groups based on a cut-off point, and because a risk of injury could be calculated for each group, the researchers were able to calculate odds ratios and also measures of relative risk. In the 5 studies that used an FMS score of #14 points as a cut-off, the odds ratio was between 2.00 and 11.67 and the relative risk was between 1.55 and 4.20, as shown in Table 2 . These findings indicate that an overall cut-off point of #14 points FMS may well differentiate between individuals who are at a greater or lesser risk of injury. However, it is also important to note that the FMS may not be able to identify individuals who have previously suffered significant traumatic lower-body injury. For example, Chorba et al. (8) found that the FMS is not able to differentiate between individuals with and without prior anterior cruciate ligament (ACL) reconstruction. Because prior injury is a significant risk factor for various lower-body noncontact injuries, including hamstring strains (4) and ACL rupture (18, 61) , this is an important deficiency of the test. Moreover, it is noteworthy that ACL injury is known to alter movement patterns (58) , and therefore, it is even more surprising that the FMS was not able to detect this difference between injured and noninjured groups. However, many tests that can identify individuals who have suffered an ACL injury are performed under situations of high demand, such as drop jumps (52), and because Frost et al. (24) have found that movement patterns change with load and speed, it could be that this failure of the FMS to detect differences resulting from ACL injury results from the differences in demand between the tests.
SENSITIVITY OF THE FUNCTIONAL MOVEMENT SCREEN
Predictive value is just one way of measuring the effectiveness of a screen or test (19) . Another key measure is sensitivity. Sensitivity refers to the percentage of subjects who do actually have the target condition (e.g., compensatory movement patterns, as in the FMS) and who correctly give positive test results (19) . Sensitivity is therefore sometimes called a test of "true positives" because it rates a test solely based on its ability to flag positive results. Where sensitivity is high or perfect (i.e., 100%), there is little chance of failing to detect the target condition. However, high or perfect sensitivity is also a feature of a counterfeit test that is designed to always give a positive result, irrespective of whether the subject actually has the condition or not. A test with good sensitivity can still therefore be very poor at clearing subjects who do not have the condition. In studies that have measured the sensitivity of the FMS using a cut-off of 14 points, the results range widely from 16 to 84% (median 54%), meaning that the FMS is able to detect correctly between 16 and 84% (median 54%) of people who are likely to become injured (5, 43) . This low median sensitivity (being close to 50%) is considered problematic: researchers working in the area have commented that sensitivity .50% is a key for identifying those at risk of injury (54) . Indeed, it is important to note that a test that has sensitivity close to 50% is in reality no better than a coin toss in this respect. These findings suggest that the FMS using 14 points as a cut-off is relatively poor at detecting individuals who actually have compensation patterns. This indicates that the FMS test may risk missing individuals who are actually at risk of injury, if compensation patterns are indeed a risk factor for injury.
SPECIFICITY OF THE FUNCTIONAL MOVEMENT SCREEN
Predictive value is just one way of measuring the effectiveness of a screen or test (19) . Another key measure is specificity. Specificity refers to the percentage of subjects who genuinely do not have the target condition (e.g., compensatory movement patterns, as in the FMS) who correctly give negative test results (19) . Specificity is therefore sometimes called a test of "true negatives" because it rates a test solely based on its ability to flag negative results. Where specificity is high or perfect (i.e., 100%), there is little chance of failing to clear a subject who does not have the condition. However, high or perfect specificity is also a feature of a counterfeit test that is designed to always give a negative result, irrespective of whether the subject actually has the condition or not. A test with good specificity can therefore still be very poor at identifying subjects who actually have the condition. In studies that have measured the specificity of the FMS using a cut-off of 14 points, the results range from 62 to 92% (median 87%), meaning that the FMS is able to avoid falsely giving a positive test rest to between 62 and 92% (median 87%) of people who take the test (5, 43) . This means that between 8 and 38% (median 13%) of people taking the FMS test and using 14 points as a cut-off will be falsely informed that they are at higher risk of injury when they are not. Taking the sensitivity and specificity information one step further can be done by using positive predictive value (PPV) and negative predictive value (NPV). The PPV is the probability that an individual with a positive screening result does in fact have the condition that is being tested for. The PPV is derived from the sensitivity but also takes the overall prevalence of the condition into account. The NPV is the probability that an individual with a negative screening result does not in fact have the condition that is being tested for. The NPV is derived from the specificity but also takes the overall prevalence of the condition into account. Unfortunately, only 1 study (5) reported the PPV and NPV of the FMS test, noting that the values were 86 and 58%, respectively. These findings are in contrast to the above pool of results based on 6 studies, as they suggest that the FMS is better at identifying potentially compensatory movement patterns in individuals who have them than it is at clearing individuals who do not have them.
CAPABILITY OF THE FUNCTIONAL MOVEMENT SCREEN TO PREDICT ATHLETIC PERFORMANCE
The FMS is thought to measure the prevalence of potentially compensatory movement patterns that are believed to be inefficient (9) . It is therefore feasible that the FMS could be predictive of a reduced level of performance. At least 5 studies (7, 20, 29, 44, 47) have assessed correlations between athletic performance and FMS sum scores and none found any correlation between athletic performance and FMS score. However, it is interesting that Chapman et al. (7) found that athletes with a FMS score of .14 points had a significantly better change in athletic performance from one season to the next (+0.41 6 2.50%) compared with those athletes who had an FMS score of ,14 points (20.51 6 2.30%). In this study, athletic performance was assessed by reference to the individual athletes' best time or mark in their primary event in each season. Whether this was because of the ability of the FMS to predict injury risk and it was injury that led to the reduced performance increment or whether this is reflective of some other predictive ability of the FMS is unclear. Moreover, we cannot infer any direct causation from the correlations observed in this study.
ABILITY OF EXERCISE TRAINING TO IMPROVE FUNCTIONAL MOVEMENT SCREEN SCORES
It is thought that exercise training can be performed on the basis of an FMS test, which may result in a reduced risk of injury (9) . Indeed, if the FMS is to be useful, it is important that action can be taken based on the results of a baseline test that then improves the score on a subsequent test. At least 7 studies have assessed the ability of different exercise intervention programs to improve the FMS score in various populations (3, 13, 22, 27, 37, 39, 46) . Of these 7 studies, 6 reported that exercise of some kind was able to improve FMS score. Only Frost et al. (22) reported that exercise did not improve FMS score in relation to a control group. However, in the 2 studies that compared corrective or functional exercise with traditional resistance training (22, 46) , the researchers found in both cases that there was no significant difference in the improvement in FMS score between the 2 approaches. This is problematic, as part of the rationale for performing the FMS is to identify potentially corrective exercises that improve FMS score and thereby lead to a reduced injury risk and improved performance. Moreover, it is important to note that no studies have yet been performed that have tested whether improving an FMS score, whether by specific corrective exercises, functional exercises, or by traditional resistance-training, does in fact lead to a reduced risk of injury.
EXTENT TO WHICH BODY MASS INDEX AND DEVELOPMENT AFFECT FUNCTIONAL MOVEMENT SCREEN SCORE
Higher body mass index (BMI) seems to be associated with a lower overall FMS score. At least 4 studies have reported on the effect of BMI on FMS score (15, 16, 41, 51 Given the current widespread use of the FMS, such research would seem to be required urgently.
CONCLUSIONS
In summary, the FMS is a preparticipation screening tool comprising 7 individual tests for which both individual scores and an overall score are given. The overall test seems to be reliable both interrater and intrarater. However, the test has recently been subject to strong challenge. In fact, it is possible to suggest that the FMS may in fact lack sufficient construct validity to be a usable test by strength and conditioning professionals. Although research has not been performed into each main subordinate type of construct validity, the FMS has been found to display high and (in the context of the test) undesirable levels of face validity (23), poor construct validity when assessed directly (24) , poor predictive criterionreferenced validity when assessed by reference to sensitivity when using a cut-off of 14 points (the median sensitivity of 6 studies is just 54%, which is very close to the desirable threshold of 50%), and poor latent validity (1). Despite these very serious problems with construct validity, the FMS seems to have some degree of predictive ability for identifying athletes who are at an increased risk of injury. Exactly how this is possible is unclear. Moreover, despite the apparently good predictive capability, sensitivity is poor (median: 54%). Specificity is better (median: 87%), suggesting that the FMS may be better at clearing individuals who do not have potentially compensatory movement patterns than it is in detecting individuals who actually have them. Additionally, contrary to claims, the FMS seems to have no relation to athletic ability between individuals. A poor score on the FMS does not preclude athletes from competing at the highest level nor does it differentiate between athletes of differing abilities. However, a high BMI seems to be correlated with poor performance on the FMS. Because FMS scores are positively related to exercise participation and physical activity, it may be the case that the inverse correlation between BMI and FMS scores could be mediated by the tendency for overweight/obese individuals to perform less physical activity or to participate in less exercise. However, it may be the case that obesity affects the biomechanics of normal movement. Finally, it seems likely that greater levels of exercise, training, and physical activity (which may also lead to lower BMI) can improve FMS scores. However, corrective exercise or functional training does not seem to be any better than traditional resistance training methods at improving FMS scores over a period.
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